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ABSTRACT 

Optical spectroscopy of the blue star KIC 10449976 shows that it is an extremely 
helium-rich subdwarf with effective temperature T e s = 40 000 ± 300 K and surface 
gravity log g = 5.3 ±0.1. Radial- velocity measurements over a five-day timescale show 
an upper variability limit of « 50 ± 20 km s _1 . Kepler photometry of KIC 10449976 
\ in both long and short cadence modes shows evidence for a periodic modulation on a 

£f} ■ timescale of ps 3.9 days. We have examined the possibility that this modulation is not 

astrophysical but conclude it is most likely real. We discuss whether the modulation 
could be caused by a low-mass companion, by stellar pulsations, or by spots. The iden- 
tification of any one of these as cause has important consequences for understanding 
| the origin of helium-rich subdwarfs. 

Key words: stars: chemically peculiar (helium), stars: subdwarf, stars; abundances, 
stars: individual: KIC 10449976 
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1 INTRODUCTION Palma. One of the targets, KIC 10449976 (a=18h 47m 14.1s, 

n . , , i r \t a o a 5 ts~ t . iw . ■ <5=+47° 41 46.9 : J2000, 0=14.49), was observed because 

Prior to the launch or IN ASA s Kepler satellite, an extensive ' a " 

•j i-r u • i i j m , t r , .,, it was clearly blue (q — r = —0.5, KIC). The optical spec- 
programme to identity bright dwarf G and K stars with mm- , , , 

n , ,. ., . , , . , , . trum was notable because it showed a number of strong lines 

imaf steflar activity was car ried out, which re sulted m the D 

KepJer Input Catalog (KIC) ferown et al.«201lh . Although a ^ Ue to neutral helium and weak ° r absent h y dro S en Balmer 

lines 

small number of photometric variability surveys were carried 

out pre-launch jHartman et ahl |2004| ; IPigulski et all 120091 : Early- type stars with absorption spectra dominated by 
iFeldmeier et all 1201 ll ) thev were either not especially deep, neutral or ionized helium are extremely rare and fall into one 
did not have a wide sky coverage or did not have a cadence of (roughly) two classes. Slightly better known are the ex- 
shorter than a few minutes. To identify short-period variable tre me helium st ars: low-gravity stars of spectral types B and 
sources which would be interesting to be observed using Ke- A (|jefferv| |20oi). A few low-gravity helium stars of spectral- 
pler in Short Cadence (SC) mode, the RATS-Kepler project type O are also known. These are almost certainly related 
commenced in the summer of 2011 (Brooks et al., in prep). to the cooler RCoronae Borealis variables, and are currently 
As part of a follow-up programme to determine the nature considered to be the product of the merger of a helium 
of sources which showed short period variability and/or were white dwarf with a carbon-oxygen white dwarf (|jefferv et al.1 
blue, we obtained medium-resolution spectroscopy of a sam- l201lT ). Extremely helium-rich hot subdwarfs are found (nat- 
ple of objects using the Isaac Newton Telescope (INT) in La ural ly) at higher graviti es with early-B or late-O type spec- 
tra (|Naslim et aLlboioT ). Again, the merger of two helium 
white dwarfs is the stro ngest contender for their production 
* E-mail: csj@arm.ac. uk ijZhang fc Jeffervll2012l ). 
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Many of the extreme helium stars are small-amplitude 
flux variables, most probabl y caused by opacity -driven ra- 
dial or non-radial pulsations (|Saio fc Jeff crv 1988J). However, 
probably due to extreme non-adiabacity, the pulsations are 
relatively irregular and have proved difficul t to study sys- 
tema tically with ground-based photometry (|Kilkennv et alj 
1999). No extreme helium star has been discovered since 
1986 (|Drilling fc Hillll 19861 ). 

The helium-rich subdwarfs may be subdivided into an 
extremely helium-rich class (uho > 80%) an d an interme- 
diate helium-rich class (10% < riHo < 80%) (|Naslim et al.l 
12012ft . None of the extremely helium-rich group are known 
to pulsate or to be mem bers of a binary system, with 
two exceptions. V 652Her jjefferv et all 120011 ) and BXCir 
(|Woolf et al.ll200lT ) are somewhat cooler than the remain- 
der and lie in the Z -bump instabil i ty strip, and pulsate wit h 
a period of 0. Id jLandoltl fl97j iKilkennv fc Koenl Il995h . 
Amongst the interme diate group, there is at least one bi- 
nary: CPD-20 °1123 jNaslim et al.ll2012l) and one pulsator: 
LS IV- 14° 116 (|Ahmad fc Jeffery|2005l ) The latter shows an 
extraordinary surface chemistry, with 4 dex overabundances 
of zirconium, strontium, and yttrium and a 3 dex overabun- 
dance of germanium. This chemis try is probably pro duced 
by r adiation-dominated d iffusion (Nas lim et al.ll201ll ). 

I0stensen et alj (|2010l ) describes a systematic survey for 
compact pulsators and identifies three He-sdOB stars in the 
Kepler field; (Galex) J19034+3841, (SDSS) J19352+4555 
and J19380+4649. Surface properties have not been pub- 
lished. None pulsates, but J19352+4555 shows ir regular low- 
fequency light variations (|0stensen et al.ll2010l ). The max- 
imum light variations in the other two He-sdOBs at low- 
frequencies (100 - 500 /iHz) are 117 parts per milllion 
(J19034+3481) and 29 parts per million (J19380+4649). An 
intermediate helium-rich blue-horizontal-branch star in the 
Kepler field (KIC 1718 290) has been identi fied as a non- 
radial g-mode pulsator |0stensen et alj|2012l ). 

No previously known extreme-helium stars or helium- 
rich subdwarf lies in the Kepler field, so the discovery of 
new members of either group lying within the field offers 
an opportunity to explore the questions of duplicity (a close 
companion makes the white-dwarf merger model difficult to 
maintain) and pulsation stability. 

In this paper we present an analysis of the spectrum of 
KIC 10449976 to measure its effective temperature, surface 
gravity and surface composition. We analyse six quarters 
of Kepler photometry, which appear to show some evidence 
of small-amplitude flux variability. We present a series of 
radial-velocity measurements obtained to establish whether 
it could be a binary. We discuss possible explanations for 
the variability. 



2 OPTICAL SPECTROSCOPY 

KIC 10449976 was initially observed using the Intermedi- 
ate Dispersion Spectrograph (IDS) on the Isaac Newton 
Telescope (INT) on the night of 2012 June 28 (see Ta- 
ble [T] for details). The spectra were reduced using standard 
procedures with the wavelength calibration being made us- 
ing a CuNe+CuAr arc taken shortly after the object spec- 
trum was taken. A flux standard was observed so that 
the spectra could be flux calibrated. The individual spec- 
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Figure 1. The flux calibrated optical spectrum of KIC 10449976 
taken using the IDS on the INT on 2012 June 28. 
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Figure 2. The heliocentric radial velocity of KIC 10449976 as 
measured in 2012 August and September. The error bars repre- 
sent the total error from the cross-correlation function, the wave- 
length calibration and the template velocity measurement. 

tra were combined to give a mean spectrum which shows 
all the characteristics of a helium-rich star (Figure [TJ, in- 
cluding all expected Hei lines, Heii4686A and the Hen 
Pickering series. With Hell454lA slightly weaker than the 
H7+Hell4340A blend, the hydrogen abundance is evidently 
small, but not zero. By compa rison with the classification 
spectra of iDrilling et all (|2012T ). we assign an approximate 
spectral class of sdB0VI:He35 (the discovery spectrum is at a 
lower resolution than the classification system: 2A). Adopt- 
ing the Drilling et al. calibration gives an effective tempera- 
ture T cff w 38 000 ± 2 000 K, surface gravity log g w 5.3 ± 0.3 
and helium-to-hydrogen ratio nue/nn > 10. This places KIC 
10449976 firmly amongst the extremely helium-rich subd- 
warfs, rather than the extreme helium stars. 

We obtained a further series of observations in 2012 Au- 
gust and September (Table [1} to search for radial-velocity 
variations. We took arc lamps for calibration before and af- 
ter the target; this provides an estimate of the uncertain- 
ties in the wavelength calibration. Radial velocities were ob- 
tained by the method of cross-correlation. The four INT 
spectra from the nights of 2012 August 31, September 1 and 
2 were coadded to form a template. All of the spectra, in- 
cluding the template, were rectified, continuum-subtracted, 
and converted to log wavelength. The cross-correlation func- 
tion (ccf) between each individual spectrum and the tern- 
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Table 1. Summary of spectroscopic observations of KIC 10449976. 



Telescope 


Date 


# spectra 


Exp. time 


Grism 


Slit width 


FWHM 


Velocity 




svi 








00 




(") 


(A) 


(kms -1 ) 




INT 


20120628 


2 


180 


R400V 


1.0 


4.0 


-2.9 


8.1 


13.3 


WHT 


20120810 


3 3 


900 


R600R 


1.2 


2.0 


-16.1 


10.5 


12.1 


INT 


20120828 


1 


600 


R300V 


0.5 


5. 1 


-46.3 


9.9 


14.5 


INT 


20120829 


2 


600 


R300V 


0.5 


3.9 


-24.0 


6.4 


12.3 
















-25.8 


9.6 


14.2 


INT 


20120831 


2 


600 


R632V 


0.5 


2.6 


-13.6 


21.5 


22.3 
















-32.0 


9.6 


14.2 


INT 


20120901 


1 


600 


R632V 


0.5 


1.7 


-37.0 


18.9 


20.9 


INT 


20120902 


1 


600 


R632V 


0.5 


1.7 


-49.9 


21.8 


25.1 



Notes: 1: Formal error in the cross-correlation measurement, 
2: Total error including wavelength calibration and template velocity, 
3: All three spectra were combined for the velocity measurement. 



Table 2. Atmos pheric parameters o f KIC 10449976. Solar abun- 
dances are from iGrevesse fc Sauvall jl99Sf l; note that fractional 
abundances by number are not conserved when hydrogen is con- 
verted to helium. 



T e ff 


40.0 


±0.3 kK 






log 9 


5.33 


±0.10 (cgs) 






''turb 


5 


km s _1 


assumed 




"II 


0.06 


±0.02 






"He 


0.94 


±0.02 












Sun 




nc 


< 4.6 x 10~ 6 




9.5 X 10" 


-4 


"N 


2.9 x 10~ 4 


±1.2 x 10~ 4 


8.3 x 10" 


-5 


"Si 


9.6 x 10" 6 


±6.7 x 10- 6 


1.0 x 10" 


-4 


«Nc 


9.6 x 10~ 4 


±5.7 x 10~ 4 


1.2 x 10" 


-4 



plate was computed and converted to velocity units. The 
position of the peak of the ccf was measured by fitting a 
Gaussian. The radial velocity of the template was obtained 
by cross-correlation with the best-fit theoretical spectrum 
at rest wavelength (see below). Heliocentric corrections were 
applied. The results are shown in Fig. [2] and Table [T] The 
measurements are consistent with there being no variation in 
the radial velocity; they are also consistent with a variation 
of up to 50 ± 20km s~ 4 over an interval of days. 

Spectra were also obtained using the William Herschel 
Telescope (WHT) on 2012 August 10 (see TableQjfor details) 
using the Intermediate dispersion Spectrograph and Imaging 
System (ISIS). Spectra were reduced in a similar manner 
to those obtained using the INT, and the radial velocity 
measured in the same way. 



3 ATMOSPHERIC PARAMETERS 

Best-fit atmospheric parameters for KIC 10449976 were es- 
tablished by interpolation in a grid of synthetic spectra com- 
puted from a grid of line-blanketed model atmospheres com- 
puted in local thermodynamic, hydrostatic and radiative 
equilibrium. The grid covers a wide range in effective tem- 
perature Teff, surface gravity g, and helium abundance riHe 
for a number of distributions of elements heavier than he- 
lium, including solar, 1/10 solar and other custom-designed 



mixtures |Behara fc JeffervHioOrih . For the optical spectrum 
of KIC 10449976 we sought solutions in the range 32 000 < 
T e g < 50 000 K, 4.5 < log 3 < 6.0, and 0.90 < n Hc < 0.999 
over the wavelength interval 3750 — 5100A (n is the frac- 
tional abundance by number). Solutions were obtained by 
X 2 -minimisation to the continuum-rectified an d normalised 
spect rum using the optimisation code SFIT (jjefferv et al.l 
l200lf ). With no indicators for microturbulent velocity at the 
spectral resolutions used we assumed a value 5kms~ 4 . The 
procedure was applied first to the June INT spectrum; this 
established KIC 10449976 to be, indeed, a helium-rich sub- 
dwarf. It was subsequently applied to the higher-resolution 
higher-signal WHT spectrum. A 1/10 solar mixture was cho- 
sen in preference to a solar mixture on the basis of the 
strengths of visible metal lines. Virtually identical results 
were obtained in both cases. The atmospheric parameters 
are shown in Table [2] 



The fit to the WHT spectrum (Figure showed that 
a number of significant strong absorption lines could be re- 
solved, in addition to those due to hydrogen and helium. 
Notably, these included Nm lines around 4095 and 4640A, 
Nell 4290A, and an absence of absorption around Ciii4650A. 
In addition to optimizing by interpolation within a grid of 
precomputed spectra, SFIT has an option to optimize abun- 
dances of individual species with respect to an observed 
spectrum for a given model atmosphere. Taking a model 
with T cS = 40 000K, log 3 = 5.5 and n Ho = 0.95, abun- 
dances for carbon, nitrogen, silicon and neon were estimated 
(Table [2]| . If silicon can be taken as a proxy for metallicity, 
the star is relatively metal poor, as indicated by the op- 
timisation described above. No carbon lines are identified, 
providing an upper abundance limit. The surface is strongly 
CNO-processed (low carbon, high nitrogen), with some ev- 
idence of a-capture onto 14 N to form an excess of 22 Ne. 
Significant lines at AA3932, 4284 and 4883A are not repro- 
duced in the model fit. A3932A is likely to be due to Call 
and of interstellar origin. A4284A may be due to SIII but 
the stronger SIII4254A is not seen. A4883A could be due to 
Fein but, again, other Fein lines are not positively identified. 
It is our practice not to accept line identifications without 
such confirmation. 
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Figure 3. The normalised WHT optical spectrum of KIC 10449976 fitted with the model described in §3 optimized for abundances of 
C, N, Si and No, together with line identifications. 



4 Kepler PHOTOMETRY 

The detector on board Kepler is a shutterless photometer 
using 6 sec integrations and a 0.5 sec readout. There are 
two modes of observation: long cadence (LC), where 270 
integrations are summed for an effective 28.4 min exposure, 
and short cadence (SC), where 9 integrations are summed 
for an effective 58.8 sec exposure. Gaps in the Kepler data 
streams result from, for example, 90° spacecraft rolls every 
3 months (called quarters), and monthly data downloads 
using the high-gain antenna. 

Kepler data are available in the form of FITS files which 
are distributed by the Mikulski Archive for Space Telescope 
(MASTfl 

For LC data each file contains one observing quar- 
ter worth of data whereas for SC data one file is created per 
month. After the raw data are corrected for bias, shutter- 
less readout smear, and sky background, time series are ex- 
tracted using simple aperture photometry (SAP). The start 
and end times of each quarter of Kepler data used in this 
study are shown in Table SC observations were made in 
Q3. (We note that when SC data are obtained, LC data are 
also produced). 

In any wide-angle photometric variability survey, vari- 
ations in temperature and, in ground based surveys, seeing 
and transparency, can cause correlated variations in the re- 
sulting photometric data. The data from Kepler is no excep- 
tion. We show in Table[3]the mean and standard deviation of 
the counts of KIC 10449976 for each quarter of LC data; the 
latter are shown both before and after removal of the long- 
term trend caused by differential veloci ty aberration. To re - 
move systematic trends in the data (e.g. Barclay et al] | 2012 ) 
we used the Kepler tool kepcotrend (|Still fc Barclavll2012 ) 



which utilises the correlated global variability of sources in 
each quarter (this was done for both SC and LC data). We 



http:/ /archive. stsci.edu/kepler 



Quarter 


Period 
(days) 


FAP 


Q3 (LC) 


3.81 


-7.5 


Q3 (SC) 


3.80 


-11.9 


Q5 (LC) 






Q6 (LC) 


5.57 


-2.63 


Q7 (LC) 


3.61 


-3.96 


Q8 (LC) 


3.90 


-68.97 




3.65 


-5.75 


Q9 (LC) 


7.27 


-6.0 




5.48 


-4.5 


Q3-9 (LC) 


3.94 


-16.8 




3.64 


-15.7 




3.96 


-14.1 




3.84 


-14.1 




3.81 


-11.5 




3.91 


-10.9 




3.87 


-9.7 




3.74 


-8.1 




3.78 


-4.2 




3.09 


-3.3 



Table 4. The period (in days) and the logarithm (base 10) of the 
False Alarm Probability (FAP) for periodogram peaks which are 
above the 3cr confidence (FAP=-2.5), arranged by quarter. 



then filtered the data so that only points which were flagged 
SAP_QUALITY=0 were kept (this removed data points which 
were potentially compromised by events such as solar flares) . 
We then normalised the data so that the mean count rate 
in each quarter was unity. 

We initially searched for periods shorter than 0.5 days 
using SC data obtained in quarter 3 using th e Lomb-Scargle 
perio dogram in the package VARTOOLS (Ha rtman et al.l 
I2008T ). There were three peaks in the power spectra which 
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Start End Mean Std Dev (I) Std Dev (II) 

MJD UT MJD UT e" s" 1 e" s" 1 e" s" 1 



Q3 (SC) 55092.722 2009 Sep 18 17:05 55181.996 2009 Dec 17 00:09 12963 111.9 7.1 

Q5 (LC) 55275.991 2010 Mar 20 23:32 55370.660 2010 Jun 23 16:05 12055 190.6 8.5 

Q6 (LC) 55371.947 2010 Jun 24 22:29 55461.793 2010 Sep 22 19:17 11940 96.8 6.3 

Q7 (LC) 55462.672 2010 Sep 23 15:53 55552.049 2010 Dec 22 01:25 13379 107.8 6.8 

Q8 (LC) 55567.864 2011 Jan 06 20:30 55634.846 2011 Mar 14 20:32 11078 12.5 6.3 

Q9 (LC) 55641.016 2011 Mar 21 00:09 55738.423 2011 Jun 26 10:25 11958 171.4 5.5 



Table 3. The log of Kepler observations of KIC 10449976. The start and end MJD and UT dates are the mid-point of the first and final 
cadence of the LC time series for each quarter respectively. The next column shows the mean count rate of KIC 10449976, while the 
last two columns show the standard deviation of points determined from LC observations where the effects of long term trends are (I) 
included and (II) removed. 
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Figure 4. The Lomb-Scargle power spectra of KIC 10449976 photometry taken from different quarters after systematic trends have 
been removed and the data have been normalised so that the mean count rate is unity. 



were detected at a significance greater than 3a - 220.7, 196.2 
and 252.2 sec. All of these periods are almost certainly due 
to spurious signals (Kepler Data Characteristics handbook) . 
There is therefore no evidence for a light modulation of KIC 
10449976 with a period less than 12 hrs. 

We then searched for periodic signals in the range 0.5- 
10 days using the same procedure as before. We show the 
resulting power spectra in Fig. 0] for each individual quarter 
and also the power spectrum from the combined data from 
quarters 3-9. We list the period and False Alarm Probabil- 
ity of peaks which are significant at a level greater than 3a 
in Table [4] We detect significant peaks in the power spectra 
at periods between 3-4 days, the most significant being at 



3.9 days. We folded the data from the different quarters on 
the most prominent peaks. We show the folded light curves 
from quarters 3 and 8 in Fig. [5] The quarter 3 data folded 
on the 3.9 day period result in a peak-to-peak modulation of 
less than 0.02 per cent; for quarter 8 this becomes 0.04 per 
cent (we note that the specific CCD on which KIC 10449976 
was recorded was different in quarters 3 and 8). These ampli- 
tudes are similar to that found i n the sdB star BP +4 2° 3250 
which has a period of 1.09 day (|0stensen et al.ll2010t ). 

The Kepler CCDs have a pixel scale of 3.98" x 3.98" . We 
therefore analysed the data on the pixel level and find that 
the variability originates from a star which is on the same 
pixel as the flux center of KIC 10449976. Using our images 
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cycle 3 LC 




cycle 8 LC 



Figure 5. Kepler photometry folded on the most promient peak 
in the power spectra (near 3.9 days) in quarters 3 (top) and 8 
(bottom). 



taken using the Wide Field Camera on the INT, we find that 
the nearest star (g=19.7) to KIC 10449976 is 25.8" distant. 
We therefore do not believe that the variability which we 
detect is due to blending. 

To investigate further the possibility of an instrumen- 
tal origin, we obtained data from the Kepler archive of 16 
stars which are within 10 arcmin and 0.5 mag and observed 
in the same quarters as KIC 10449976. Four of these stars 
(KIC 1044981, 10450110, 10515199 and 10580086) showed 
a clear modulation on a dominant period of 6-10 days in 
their Kepler light curve. None showed a modulation on a 
period close to 3.9 days. Several more stars showed evidence 
for less significant periods close to 8 days. The remaining 
stars showed no evidence for a period seen in every quarter 
or at a period of 3.9 days. Although we cannot rule out the 
possibility that the periods noted in Tableware due to an 
instrumental effect, there are good grounds to conclude that 
they are astrophysical in origin. 



5 DISCUSSION 

With 7iHc > 0.90 and its position on the g — T e g diagram 
(Fig. [6]), KIC 10449976 is well-established as an extreme 
helium-rich subdwarf (EHe- s d), an d amongst the hottest 
of its class. IZhang fc Jeffervl (|2012t) argue that the hottest 
EHe-sds are also the most massive, having M > 0.70MQ, al- 
though they also point out that, unlike KIC 10449976, these 
are also predominantly carbon-rich. 

A number of questions are posed by the Kepler pho- 
tometry. Foremost is whether the variation is genuine and 
intrinsic to the star. We have examined whether the varia- 
tion could be due to an instrumental effect and, while we 
cannot rule out this possibility, we believe it more likely to 
be astrophysical in origin and proceed on this basis. The sec- 
ond question concerns the cause of the variability. The folded 



light curve points to a sinusoidal variation which could orig- 
inate either in pulsation, in reflection from a companion, or 
from the rotation of a non-spherical star (ellipsoidal varia- 
tion). All three present difficulties. 

Many hot subdwarfs do p ulsate (|Kilkennv et al.lll997l ; 
iGreen et al]|2003l ; |jeffery||2005l ). For a star with the dimen- 
sions of KIC 10449976, the fundamental radial mode would 
have a period of the order of 200 s. Even high-order grav- 
ity modes are unlikely to have periods in excess of a few 
hours. The pulsating helium-rich subdwarf LS IV-14 116 
shows up to six g-mode oscillations with periods between 
1953 and 508 4 s (|Ahmad fc Jeffery||2005l ; IGreen et al.ll201ll ; 
I Jeffervl [20lTh ■ Pulsation periods more than 20 times this 
value would only be expected in stars where the radius is 
some 10 times larger, or the gravity was 1 dex lower, a pos- 
sibility that is ruled out by the spectroscopy. 

Hot subdwarfs in HWVir-type close binary systems 
show light vari ations due to r eflection from an M-dwarf 
companion (e.q. lLee et ai]|2009l ) . Reflection-effect light vari- 
ations should be strictly periodic over the time interval 
covered by the Kepler observations. Supposing that obser- 
vational errors account for the quarterly variation in ap- 
parent period, a simple test calculation involving only as- 
sumed masses for the helium star and its companion (e.g. 
Mi = 0.7M Q and M 2 = 0.38M Q ), the albedo of the com- 
panion (e.g. A = 0.9), the inclination (e.g. i = 45°) and the 
measured period (3.9 d) can be used to estimate the ampli- 
tude of the orbital variation in both total light (0.016%) and 
projected helium-star radial velocity (50kms _1 ). In order to 
simulate a system in which the projected velocity amplitude 
is less than 50 km s _1 and the light amplitude is greater than 
0.02 per cent, we require a high albedo (A > 0.8), a low in- 
clination (i < 50°) and, with Mi ^ 0.7 Mq for example, 
0.20 ^ M2/M0 ^ 0.33. These are not unreasonable values; 
the principal remaining argument against a reflection-effect 
origin is the lack of stability in the apparent period. 

Following a similar argument and making reasonable 
assumptions about masses and radii, the maximum contri- 
bution of any ellipsoidal con tribution to the total light can 
be computed (jMorrisI I1985T ) and is found to be negligible 
(< KT 4 %) in this case. 

A further and quite realistic possibility is the exis- 
tence of spots on the stellar photosphere, as found in cer- 
tain helium-rich B stars on the m ain sequence; e.g. aOriE 
|Greenstein fc Wallersteinl Il95ct ). Such spots are usually 
associated with the poles of strong magnetic fields and 
surface chemical inhomogeneity; surface brightness varia- 
tions are tied to the rotation of the star's magnetic axis 
(|Townsend et al.ll2005l ) . Moreover, spots are relatively short 
lived and have been observed to give a Kepler signature sim- 
ilar to that reported here (Balona 2013, in preparation). In 
this case, the constraint of constant period and amplitude 
would be less strong, but is still not negligible, since the 
spots are locked in position by the magnetic field. 

Finally, intrinsic variability in an unresolved and fainter 
close companion cannot be ruled out, although any mecha- 
nism responsible would be subject to a similar commentary 
to that outlined above. There is no evidence for such a com- 
panion in the spectrum, but either an M dwarf or a white 
dwarf would not be detected spectroscopically. 

It is emphasized that all of the above interpretations 
for the apparent light modulation in KIC 10449976 are, 
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Figure 6. The surface-gravity - effective-temperature diagram for hot subdwarfs showing the positions of normal sdB and sdO stars 
(open symbols), intermediate helium-rich subdwarfs (filled circles), extreme helium-rich subdwarfs (filled diamonds) and KIC 10449976 
(filled square). Approximate positions of the zero-age hydrogen main sequence (ZAMS), the helium m ain sequence (HeMS ) and the zero- 
age ex t ended horizon t al branch (ZAHB) are al s o ind icated . Data for individual st ars are taken from lNaslim et aL Naslim et al.l 
l|201lh . lstroeer et alj < |2007f ). lAhmad fc Jeffervl l|2003h . and lEdelmann et al.l 1120031 ). 



at this stage, conjecture. The discovery of an extremely 
helium-rich subdwarf in a close binary would have pro- 
foun d consequences for a p roposed white-dwarf merger ori- 
gin (|Zhang fc Jeffervl |2012[ ). Further observations are nec- 
essary to investigate the long-term stability of the period, 
and to increase the precision of the radial-velocity measure- 
ments. 



6 CONCLUSION 

KIC 10449976 is a blue star in the Kepler input catalogue 
which shows small-amplitude light variations with a period 
of approximately 3.9 d. Our spectroscopic classification iden- 
tified it as a helium-rich subdwarf, a conclusion which is con- 
firmed by higher-resolution spectroscopy. The latter shows 
the helium abundance to be greater than 90% by numbers, 
and that the star is silicon-poor, nitrogen-rich and neon- 
rich. Carbon was not detected. On the basis of effective 
temperature and surface gravity, KIC 10449976 should have 
M > 0.7M©, but the high nitrogen/carbon ratio implies 
M < O.7M0, suggesting a mass close to this boundary. 
An upper limit of 50 ± 20kms~ 1 in radial- velocity ampli- 
tude places constraints on any putative binary companion. 
The absence of long-term stability in the light variation is 
also a challenge for a binary interpretation, although the 
amplitudes could be consistent with a reflection-effect so- 
lution. The period is far too long to be due to pulsation. 



Starspots remain a plausible interpretation. Further high- 
quality radial-velocity and photometric studies will be re- 
quired to establish the authenticity and cause of the light 
variations. 
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